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ProteinMedicinalChemistry
OptimizingPeptideHormonesUsedin theTreatmentof Diabetes
Diabetes: Diabetesis a sizablepublic healthproblemthatcontinuesto grow III
prevalencelargelyastheresultof urbanizationi theworld'spopulation.Thegrowing
prevalenceof adultonsetdiabetes(TypeII) hasbeendescribedasanepidemicwithas
muchas30%of adultsin selectpopulationssuchasthePimaIndiansbeingdiagnosed
with disease.Thereare 18.2millionpeoplein theUnitedStates,or 6.3%of the
population,whohavediabetes.While anestimated13millionhavebeendiagnosedwith
diabetes,anadditional5.2millionpeople(ornearlyone-third)areunawarethattheyhave
thedisease!.Poorlymanagediabetescanleadtoahostof long-termcomplications-
amongtheseareheartattacks,trokes,blindness,kidneyfailure,bloodvesseldiseasethat
mayrequireanamputation,ervedamage,andimpotencein men. Themorbidityand
mortalityassociatedwithdiabetesi highandthefinancialburdenonsocietyishuge.
Diabetesis a diseasein whichthebodyis unabletoproperlyuseandstoreglucose(a
formof sugar).Glucoseaccumulatesinthebloodstream,causingbloodglucosetoriseto
unacceptablyhighconcentrations2.Whenglucosebuildsupinthebloodinsteadofgoing
intocells,it cancausetwoproblems.Cellsareimmediatelystarvedforenergyandover
timetheelevatedglucoseconcentrationcanharmtheeyes,kidneys,nervesandheart.
Therearethreemajortypesofdiabetes.
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I) Type I diabetesis usuallydiagnosedin childrenandyoungadults,andwaspreviously
knownasjuvenilediabetes.In typeI diabetes,thebodydoesnotproduceinsulin.Insulin
is necessaryforthebodytoproperlyuseglucose.In typeI (alsocalledjuvenile-onsetor
insulin-dependent)diabetes,thebodyproducesinsufficientinsulin,a honnonethat
enablesthebodyto useglucose.PeoplewithtypeI diabetesmusttakedailyinsulin
injectionstosurvive.
2) Type2 diabetes(alsocalledadult-onsetor noninsulin-dependent)diabetesresults
whenthebodydoesn'tproducenoughinsulinand/oris unabletouseinsulinproperly
(insulinresistance).Thisfonnofdiabetesusuallyoccursinpeoplewhoareover40years
of age,overweight,andhavea familyhistoryof diabetes.It is increasinglycommon
todayforType2 diabetestooccurin youngerpeople,evenadolescents.Type2 diabetes
is themostcommonfonnof diabetes.In type2 diabetes,thebodydoesnotproduce
enoughinsulinandtheinsulintargetcellsrespondpoorlytoinsulin.Insulinis necessary
forthebodytobeabletousesugar.
3)Pregnantwomenwhohaveneverhaddiabetesbeforebutwhohavehighbloodsugar
(glucose)levelsduringpregnancyaresaidto havegestationaldiabetes.Gestational
diabetesaffectsabout4% of all pregnantwomen- about135,000casesof gestational
diabetesin theUnitedStateseachyear.Thecauseof gestationaldiabetesi notknown
but seemssimilarto TypeII diabeteswherepregnancyinducesa levelof insulin
resistance.
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Insulin: Diabetesi mainlycausedbytheabsoluteorrelativedeficiencyof insulin.
Insulinis a rathersmallprotein,witha molecularweightof about6,000daltons.It is
composedof twopeptidechainsreferredtoastheA andB chains.A andB chainsare
linkedtogetherbytwodisulfidebonds,andanadditionaldisulfidebondis formedwithin
theA chain.In mostspecies,theA chainconsistsof 21aminoacidsandtheB chainof
30aminoacids.
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There are severaltypesof insulin.They are classifiedby durationof action
(pharmacodynamics)
a)Veryfast
b)Fast
c)Slow
d)veryslowacting.
Thefigurebelowshowstheexamplesofcommoninsulinregimenswiththeactioncurves
forrepresentativehumaninsulins.A newtypeof insulincalledLantus@glarginehasjust
103
4
beenmadeavailableforpatients.Lantus@is averylongactinginsulin,withnopeakover
24hours.It is usuallyusedin combinationwitha fastactinginsulinsuchasHumalog@
orregularinsulin.
~ Humalog If.~,~jRegular(veryfast) ,\,' (fast) DNPH/Lente[IJ]]Ultralente(slow) (veryslow)
~. - "'-',"'::'- I
lam 12pm 1pm 12am lam
Insulinis thusindeedoneprovenmedicinethatcannormalizebloodglucoseinvirtually
all formsof diabetes.However,whileinsulinis amiraculoussubstanceit is challenging
medicine.Insulinhasa relativelynarrowtherapeuticindexandthepropensityfor life-
threateninghypoglycemiasignificantlylimitsproperuseof thedrug.Whatis most
Onset PeakAction Duration
Humalog 15min. 1/2-1 1/2hrs 3-5hrs
Regular 1/2hr 2-4hrs 6-8hrs
NPH,Lente 1-3hrs 6-12hrs 18-24hrs
Ultralente approx.4-8hrs 12-18hrs approx.24-28hrs
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neededis a medicinethatis capableof normalizingbloodglucosewithoutheriskof
hypoglycemia.
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GlucagonIncretin Peptide1(GLP 1):Glucagon-likep ptide1isahormonethat
offersthepromiseofrevolutionizingthetreatmentofTypeII diabetessinceearlyclinical
experiencessuggesti tohaveanattractivepharmacologicsignature7.
Glucagon-likepeptide1(7-36)amide(GLP-1)is anendogenouspeptidethatis secreted
fromthegut in responseto thepresenceof food.It existsin two principalmajor
molecularforms,asGLP-1(7-36)amideandGLP-1(7-37)acid.Thepeptidewasfirst
identifiedintheearly1980sinthecourseofcloningthegenesforprog1ucagon5.
Initialstudiesof GLP-1 biologicalactivityin themid 1980sutilizedthefull length
amino-terminalextendedformsof GLP-1 (1-37and1-36amide).TheselargerGLP-1
moleculeswere generallydevoid of biological activity.In 1987,threeindependent
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researchgroupsdemonstratedthatremovalof the first six aminoacidsresultedin a
shorterversionof theGLP-I moleculewithsubstantiallyenhancedbiologicalactivity.
Themajorityof circulatingbiologicallyactiveGLP-I is foundintheGLP-I (7-36)amide
form),withlesseramountsofthebioactiveGLP-l(7-37)acidformalsodetectable5.
RecentstudieshaveestablishedthatGLP-I anditslonger-actinganalogexendin-4have
multiplesynergisticeffectson glucosedependent,insulinsecretionpathwaysin the
pancreatic~cells3,4.Whiletheinitialclinicalexperienceswithnativeformsof GLP-I and
exendin-4haveyieldsizableefficacywithoutoverthypoglycemiathesepeptidedrug
candidatesarelessthanidealmedicines.Mostnotablythesepeptideshaveappreciably
shortbiologicalhalf-livesandphysicalpropertiesthatrenderthempronetodenaturation
throughaggregation.Lastly,exendin-4beingof non-humanoriginis reportedtoinduce
animmuneresponsethatcompromisesclinicalefficacy.
An importantlocusfor regulationof GLP-I biologicalactivityis theN-terminal
degradationof thepeptidebyDipeptidylPeptidase(DPP-IV)-mediatedcleavageatthe
position2 alanine4,5.Rapidremovalof theN-terminaldipeptide,His7-Ala8,by the
ubiquitousenzymedipeptidylpeptidaseIV (DPP IV) curtailsthebiologicalactivityof
GLP-16,7.This is shownin thediagrambelow:
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The biologicalactivitiesof GLP-l includestimulationof glucose-dependentinsulin
secretionandinsulinbiosynthesis,nhibitionofglucagonsecretionandgastricemptying,
andinhibitionof foodintake.TheN-terrninalhistidineofglucagon-likepeptide(GLP-l)
andof exendin-4havebeenshownto becriticalfor theactivationof thepancreatic
receptor(GLP-IR). Previousaminoacidsubstitutionsof thishistidinewithlysineand
withalaninehavebeenreportedtoresultinalossofactivityinthepeptide3,4,8.Henceit is
interpretedthattheimidazoleringof thehistidineis necessaryfor thepotencyof the
molecule.
ThefindingthatGLP-l lowersbloodglucosein patientswithdiabetes,takentogether
withsuggestionsthatGLP-l mayrestorepcellsensitivitytoexogenoussecretagogues,
suggestshataugmentingGLP-l signalingis ausefulstrategyfortreatmentof diabetic
patients.
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Human Glucagon Like Incretin Peptide (7-37)-OH
7 10 15 20
Oxyntomodulin: Oxyntomodulins a 37 aminoacidpeptidethatcontainsthe29
aminoacid sequenceof glucagonsfollowedby an 8 aminoacidcarboxy-tenninal
extension6.
Prodrug: A precursor(forerunner)of a drugis aprodrug.A prodrugmustundergo
chemicalconversionbymetabolicprocessesbeforebecominganactivephannacological
agent.Manydrugsareadministeredatsitesthatareremotefromtheirsiteofaction.The
optimalphysicochemicalpropertiesto allowhightranscellularabsorptionfollowing
administrationarewell establishedandincludea limit on molecularsize,hydrogen
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bondingpotentialandadequatelipophilicity.Theprodrugthatwe aretryingto make
howeverhascertainadditionalcharacteristics.By modifyingour peptide,we shall
appropriatelyextenditsbiologicalhalflifeandthusimproveitspharmacodynamics.
Formanydrugtargets,yntheticstrategiescanbedevisedtobalancethephysicochemical
propertiesrequiredfor hightranscellularabsorptionandtheSAR for thedrugtarget.
However,therearedrugtargetswheretheSAR requirespropertiesatoddswithgood
membranepermeability.Theserequirementsincludea requirementfor significant
polarityandgroupsthatexhibithighhydrogenbondingpotentialsuchascarboxylicacids
andalcohols.In suchcases,prodrugstrategieshavebeenemployed.
Therationalebehindthesmallmoleculeprodrugstrategyistointroducelipophilicityand
maskhydrogenbondingroupsofanactivecompoundbytheadditionofanothermoiety,
mostcommonlyanester.An idealesterprodrugfor purposesof oralbioavailability
shouldexhibithefollowingproperties9:
1) Weak(orno)activityagainstanypharmacologicalt rget,
2) ChemicalstabilityacrossapHrange.
3) Highaqueoussolubility,
4) Goodtranscellularbsorption,
5) Resistancetohydrolysisduringtheabsorptionphase,
6) Rapidandquantitativebreakdowntoyieldhighcirculatingconcentrationsof the
activecomponentpostabsorption.
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Ourprodrugconceptis notfocusedonoralbioavailabilityastheseconventionalsmall
drugapproachesbutuponextendedbiologicalhalflifeandthusmanyof thestringent
necessitiesofconventionalprodrugsarenotrelevant.
This is happeninginthebody.
(In Vivo)
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Prodrugshelpsby:
1. Improvingphysicochemicalproperties
2. Extendingthebiologicalhalflife
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Hypothesis (A Diabetic Panacea): Webelievethatbymakingappropriate
chemicalchangesin theterminalendsof GLP-I it shouldbepossibleto improvethe
pharmacodynamicsandthusthepharmacologyofthepeptidehormone.
Wehavesetourobjectivesin thisC500projectastheidentificationof aGLP-I analog
thatis physicallyandchemicallystable,whilebeingpharmacologicallysustainedin its
durationof action.Furthermore,we desiretheanalogto possessminimalnon-native
aminoacidsequenceasameanstoeliminateadverseimmuneresponse.
Ourfirstapproachis to establisha coreGLP-I sequencewithappropriatestabilityby
exploringalternativestotheC-terminalpeptidextensioncommonlyfoundin exendin-4.
Additionally,wewill simultaneouslypursuetheoptimizationof theC-exendinsequence
asaC-terminalhybridtoGLP-I. Thethirdgoalstandslargelyindependentof theC-
terminalsyntheticstudiesandpertainsto thedevelopmentof N-terminallymodified
GLP-I analogs.Thepurposeofthislatterworkis focusedonthedevelopmentofa
GLP-l prodrug.
The N-terminalhistidineis requiredfor biologicalactivity.We intendto explore
chemicalmodificationsthatreversiblyalterthissingleaminoacidsuchthatit remains
inactiveuntilthepointofreversibletothenativestructure.Weareparticularlyinterested
in diketopiperazineformationasapossiblemeanstoachievethereversalof dipeptide
extendedGLP-I derivatives.Thischemistryis reasonablystraightforwardandallowsa
numberof pointswherestructurecanbe appropriatelyalteredto refinetherateof
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fonnationwithreleaseof thenativehonnone.It is possiblethatalternativesto thenative
N-tenninalhistidinewill berequiredtoachieveproperreversibilitytoafully active
GLP-l.
In simplewords,we proposeto makea prodrugthatwill slowly convertto theparent
drugatbodypH 7.2.Thusthephannacodynamicsof thedrugwill bemuchimproved.
WerelyonthepH for thisasthenwewill nothavetobedependentonanyspecific
enzyme.Wealsoproposetoincreasethehalflifeof thedrugsothatit is presentfora
longertimeinvivo.Lastly,weneedtoslowtherateof invivoclearanceofanotherwise
. .
d d ( I
'
)
101112
optImIze pro- rug pegy atlOn. ' ,
Gettingdownto thespecifics,asdescribedbeforeoxyntomodulins a 37 aminoacid
peptidethatcontainsthe29aminoacidsequenceof glucagonfollowedby an8 amino
acidcarboxy-tenninalextension.Oxyntomodulinalsomimicstheeffectsof GLP-1and
GLP-2ongastricacidsecretionandgutmotility.Glucagonis largelyhomologouswith
GLP-1. Oncloserobservation,onefindsthatheaminoacidslargelyresponsibleforthe
potencyof thesetwo peptidesaresimilar.The tablebelowprovidesreferencefor
I . 3413structura companson" .
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Structure-ActivityofGLP-l
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Elelldln4.Dartarmsrepresentsrnglon&ofhotOOlogy.Position numbers refertot!1enGmew:!atul'tusedforOLP.l (position7COl'retpondtt4
position1oftheotherpeptides).
It seemsreasonableto hypothesizethatthelasteightaminoacidsof oxyntomodulincan
beaddedtothecarboxylendof GLP-l (sinceit is sosimilartoglucagon)toformanew
bioactivepeptide(GLP-oxyntomodulin).Additionally,thischimericpeptidewill provide
alternativesitesfor carboxy-terminaloptimizationof GLIP-l performance.Dipeptides
can be addedto the amino-terminusto investigatedifferentialtendenciesfor
intramolecularcyc1ization(diketopiperazineformation)andreleaseoftheparentdrug.
In suchaninvestigationreportedwithcyc1osporine-Aprodrugs14,15,it hasbeenseenthat
thropughmodulatingthechemicalnatureof dipeptidestersit waspossibleto get
conversionratesatphysiologicalconditionsrangingfromminutestoseveraldays.Hence,
it is appearsworthytoinvestigateasimilarprodrugapproachwithGLP-l.
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For this we proposedto investigatefour chemicalfunctionsattachedto the ammo-
terminualhistidineoftheGLP-oxyntomodulinpeptide:
. GlyPro,GLP-oxyntomodulinpeptide
. ProPro,GLP-oxyntomodulinpeptide
. yGlu,GLP-oxyntomodulinpeptide
. Tetrahydrophthalic(H4Pht),GLP-oxyntomodulinpeptide
However,sinceweareinitiallyinterestedonlyintestingthedissociationchemistryofthe
DKPs, we madea smallermodelpeptideGLP (7-15).This approachshouldsavetime
andis expectedtobelesscumbersome.Thefourchemicalfunctionswereattachedtothis
smallerpeptide.
Methods of Synthesis:SynthesisofGLP analogues
ThefollowingGLP analoguesweresynthesized:
1. GLP 7-37Oxyntomodulinchimericpeptide
2. ProPro,GLP(7-15)extendedpeptide
3. GlyPro,GLP(7-15)extendedpeptide
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4. Y-Glu,GLP(7-15)extendedpeptide
5. H4Pht,GLP(7-15)extendedpeptide
Synthesisof theseanalogueswasperformedon theAppliedBiosystemsModel430A
PeptideSynthesizer.Syntheticpeptideswereconstructedbysequentialdditionofamino
acids,andactivatedestersofeachaminoacidweregeneratedbytheadditionof3.8mlof
0.5 M O-Benzotriazol-l-yl-N,N,N'-tetramethyluramum hexafluorophosphate
(HBTU) in DMF toa cartridgecontaining2mmolof Bocprotectedresidue.Theamino
acidsweredissolvedby bubblingNitrogengasthroughthecartridge.1 ml of N,N-
Diisopropylethylaminewasthenaddedto thecartridgeto effectesterformation.This
mixturewasthentransferredtothereactionvesselcontainingthesolidphaseresinupon
whichthepeptidewassynthesized.
Theaminoacidresiduewasthenaddedto thevessel,vortexedseveraltimes,andthe
residuewasallowedtocoupletotheresinfor 10minutes.Reactionvesselattheendof
thesynthesiscontainedapproximately300mgof Boc aminoacidPAM resin(PAM
resin=OCHzphenylacetamidomethyl--copoly(styrene-1% divinylbenzene).Theresin
was washednumeroustimeswith dimethylformamide(DMF), and treatedwith
trifluoroaceticacidto removetheBoc protectingroupandthenwashedagainwith
DMF.Finally,theresinwaswashedseveraltimeswithDMF.
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. After GIn residuesvariousstepswereimplementedtopreventinternalcyclization
of thisaminoacidtopyrollidonecarboxylicacid(PCA or pGlu).Whenmixed
DMF andTFA produceheat.Thissmallamountof energyis sufficienttoinduce
GIn cyclization.Therefore,washesof Dichloromethanewere implemented
betweenthesestepstopreventhisexothermicreaction.
Theresinwiththeattachedpeptidewasplacedin thehydrogenfluoride(HF) reactor
vesselfor cleavage.500).lLof p-cresolwasaddedto thevessel,andthevesselwas
submergedin themethanol/dryicemixtureandaddedto theclosedHF system.The
vacuumpumpwasturnedonandtheclosedsystemwasmonitoredforanychangesin
pressure.10mlof HF wasthendistilledto thereactionvesselandisolated.Thisvessel
wasallowedto reactfor onehouratODC.After this,thepumpwasturnedonandtheHF
wasslowlyevacuated(10-15min).Thevesselwasremovedcarefullyandfilledwith
approximately35mlof ether.Thismixturewasthenfilteredutilizingateflanfilterand
repeatedtwiceto removeall excesscresol.This solutionwasdisposed.Thefilterwas
thenwashedwithroughly20mlof 10%AceticAcidin distilledwaterandfilteredthree
times.Thefiltrate,whichcontainedthedesiredpeptide,wascollectedandlyophilized.
Peptideswerepurifiedusinghighperformanceliquidchromatography(HPLC). The
instrumentsu edwere:WatersAssociatesmodel600pump,Injectormodel717,andUV
detectormodel486.A wavelengthof 220nmwasusedfor all samples.SolventA
normallycontained10%CH3CN/0.1% TFA in distilledwater,andsolventB contained
0.1% TFA in CH3CN.A lineargradientwasemployedin increasingpercentageof B,
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normallya0 to 100%Bin 2 hours.A silicabasedC 4 orC18column(5Jlparticlesize,
300'poresize)wasusedforallpurifications.Themass pectrometerwasusedtoidentify
peptidesproducedandalsoto checkpurity.The instrumentsandconditionswere:
ElectrospraySciexAPI III triplequadMS, Ionsprayvoltage=4500V, Orificepotential=
90V,andSampleflowrate=5Jll!min.
Experimental Results
TheGLP-oxyntomodulinchimericpeptidewassynthesized.Thelasteightaminoacids
derivefromoxyntomodulina dareshowninred.
HAEGTFTSDVSSYLEGQAAKEFIA WLVKGRGKRNRNNIA
Aftersynthesizingthispeptide,itsmolecularmasswascheckedmymass pectrometry.It
showedamassof 4322.5Daltons.In thisway,weconfirmedthatwehavesynthesized
theGLP-Oxyntomodulin.Afterthiswecheckedforthereceptorbindingandpotencyof
GLP-Oxyntomodulinin Luciferaseassay.Themassspecandtheassayresultsareshown
below.
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TheGLP-oxyntomodulinwasfoundtobeatleastasactiveasthenativeGLIP-l peptide
intheluciferaseassay.Thissignifiesthatthefirstportionoftheprojectis successfuland
wefocusonanadditionalelement,specificallytheamino-terminalprodrugdesign.
As discussedpreviouslytheinitialprodrugswerepreparedon a shortenedpeptide
resemeblingtheGLP (7-15)peptidesequence.Thestructureofthispeptideis
PPHAEGTFTSD.
The GLP (7-15)peptidewas preparedsyntheticallyby solidphasesynthesis.The
MALDI MS analysisyieldedapeakat965units.
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ThisrepresentsthedesirednineresidueGLP peptide.Tothispeptidewecouplethefours
differentfunctionalgroupsindividually
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The firstsynthesisyieldedPPHAEGTFTSD
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The peak at 1158representsthe desiredpeptide.We also observedthe +2 charged
peptideat580units.
To explorethepossiblefonnationof DKP fonnationandregenerationof theGLP
nonapeptide,thePP-extendedpeptidewasstoredin PBS bufferforapproximatelytwo
days.No apparentcleavagewasseen.
ThesecondsynthesisyieldedGPHAEGTFTSD
Wesynthesizedthispeptideinthesameway.TheMALDI isattachedbelow.
0' 50
'SV 3500
'N 650
OR 60
RO 30
M' '000
RE' "9.2
OM' 0.'50
R' 27
L7 .40
R2 .45
M3 WOO
RE3 '20
DM3 0
RX .w
gR3 .70
L9 .250 fFP .250
j
50
MU -5200
CC '0
co on
D'pA >..
COT ...
'S. 3346.4
UV 8>534
21
D'
'SV
"
OR
RO
M'
RE'
DM'
R'
U
R2
M3
RE3
DM3
RX
R3
Lo
FP
MU
CC
CG
D."A
cm
,~V
uv
119
GP-GU.,.9 ex"a~od MS
50
3800
650
60
30
WOO
.n0."°
27
.40
-45
.000
'20
°
-w
-'°
-250
.250
-5200
W
Off
2'
5.3
3644 4
8725.0
+P'o""o °, SCAN
Avo'"900' a=os 202'02" T,mo"" .63m'o
nov3020048 - "'"0/2004. 003
Do samp'a 2. 3 u,. v;., 22
2 P~<S
\... ( - >0-
V '-Y~
'}5-
Y"
,
~
~ 50
.~
':.00
I"",
"'8.5
.1
800
mh
"-
oDD
Thepeakat 1118unitsrepresentsthecorrectpeptide.To explorethepossiblefonnation
of DKP fonnationandregenerationf theGLP nonapeptide,theGP-extendedpeptide
wasstoredin PBS bufferforapproximatelytwodays.As reportedpreviouslywiththe
PP-extendedpeptidenoapparentcleavagewasseen.
Thethirdsynthesisyieldedy Glu GLP 7-15peptide.Thenatureof thechemistryin
cyclizationdiffersfromDKP.
TheMALDI analysisofthissynthesisattachedbelow.
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The peak at 1093.5units representsthecorrectpeptide.
We exploredthepurityof thepeptideby reversephaseHPLC. The resultsareshown
below.
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In theleftdiagramis thechromatogramfor GLP (7-15)with thepeakat9.987minutes.
In therightdiagramis thechromatogramforyGluGLP (7-15)withthepeakat11.047
minutes.Inboththecasesweobserveanotherpeakat14minforcresol.Thiswasproven
in acontrolexperiment.Weverifiedtheintegrityoftheresultsbyrunningbothpeptides
togetherandobservingthetwo respectivepeaksat 9.3 min and 11.12min. This
conclusivelyprovesthatwehavebeenabletoseparatehepeptides.
As discussedpreviouslyweexploredtheregenerationftheparentGLP-l (7-15)peptide
withyGlu,GLP (7-15)byHPLC. Wefocusedonthetwopeaksof interestat9 and11
minto determinethelevelof cleavage.As thedissociationi creases,theGLP (7-15)
shouldincreaseandcorrespondinglythefirstpeakat11minshouldgrowrelativetothe
oneat12min.Wedonotethatthepeaksat9 and11latershiftedto 11and12forthe
samecompoundsrespectively.Theresultsareshownbelow:
a) Thirty-sixhoursat37°C
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ThefourthsynthesisyieldedH4PhtGLP 7-15peptide.Thenatureof thechemistryin
adductformationdiffersfromDKP andy Glu.
~
0
+ H2N-HAEGTFTSD
:-.
~N"~
~o-
0
HAEGTFTSD
~
The GLP (7-15) was synthesizedand the HPLC analysiswas performedas shown
previously.TheH4Phtwasaddedasfollows;onemmoleof GLP 7-15(lmg/ml)was
treatedwithtenmmolesofH4Pht(TetrahydroPhthalicAnhydride)(1.52mg/ml).Carewas
takentomaintainthepH closeto8 duringthroughoutthereactionl6.Thereactionwas
monitoredfortheformationoftheadductH4Pht,GLP(7-15)peptidebysequentialHPLC
analysis.Analyticalchromatographyshownbelowwasconductedinalkalinebuffers.The
A bufferwasO.lMNH4HC03andtheB bufferwasO.lMNH4HC03and50%acetonitrile.
Shownbelowis thechromatogramof GLP 7-15andtheadductH4Pht,GLP 7-15.It
showsthatwehavebeenclearlyabletoseparatehetwo.
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The H4Pht adductisunstablein acid,consequentlywewouldexpectthepeakintheright
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handchromatogramat 18minto disappear.Afterexposureto IN HCI theadductis
!
removedandthechromatogramchangesasexpected.Thelefthandsidechromatogramis
theMALDI spectrathatshowsthatheadductis formedat1117.6massunits.
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Cleavageof H4PhtGLP 7-15: TheH4Pht,GLP (7-15)wasstoredinPBSbuffer
forapproximatelyseventy-twoh ursat37degreestoexamineH4Phtremoval.Weshould
essentiallygettwopeaksat6 and8 minrespectively.As thedissociationi creases,the
GLP 7-15will increaseandcorrespondinglythefirstpeakat6 minshouldgrowrelative
totheoneat8min.Theyareshownbelow:
a) After0minutes:Only1peakobservedat6min
b) After4.5hours
c) After13.5hours
d) After17.5hours
e) After 1day:
f) After3daysat37°C:TheGLP 7-15peakat6minisactuallybiggerthanthepeak
at8min.It impliesthathecleavagehasdefinitelybeenmorethan50%.
g) After2hoursinPBSbufferat100°C:Thepeakat8min(adductpeak)hasalmost
disappeared.Wededucethathereactionherehasbeennearlycomplete.
Thecleavagereactionisshowedbelow:
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TheHPLC chromatogramsareshownonthenextpages.
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After4.5hours,wealreadybegintoseethesmallpeakofGLP 7-15appearingat6min.
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13.5hoursat37°e 17.5hoursat37°e
24hoursat37°e 72hoursat37°e
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2hoursat100°C
Discussionof theResults: We foundthat the PPHAEGTFTSD and the
GPHAEGTFTSD yieldedno cleavageof the first two residuesas DKP. The
yGluHAEGTFTSDpeptideexhibitedsomecleavageto pyroglu.Cleavagein the
H4Pht,HAEGTFTSDpeptidewasappreciableandworthyofcloserinspection.
Tobeginwithwetestedthestereochemistryof prolineattachedtothehistidinein asyn
configurationbringingtheattackingandtheleaving roupclosertoeachotherTheother
advantageis thatwe areusingnaturalaminoacidshere.But thecleavagedoesnot
happen.ThisreactiondoesnotreadilyoccuratpH 7.2asatthispHtheprimaryamineis
partiallyprotonatedanditsnucleophiliccharacterwouldbereduced.
In thenextstep,weinvesitagtedtheyGluGLP 7-15peptide.Hereby introducingthey
carboxylgroup,a fivememberedringcyclizationis comparedtothesixrepresentedby
theDKP.As expectedwefindmorecleavageinthiscase.If theconcentrationftheGLP
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7-15is designatedby 'a' andthatof anadductis designatedby 'b', thenthecleavageata
certaintimeisdeterminedbyusingtheformula:
% of cleavage=aJa+b
In thisformula,it is assumedthattheconcentrationf GLP 7-15whenthereactionis
completewill bethesameastheconcentrationf theadductatthebeginningof the
reaction.Thisassumption,thoughnotnecessarilycorrectisprobablyreasonable.
By usingthisformula,it wasdeterminedthat% of cleavagefor theyGluGLP (7-15)
peptide,wasasfollows:
a) after36hours@ 37°C: 20%(17%and27%intwodifferentsets)
b) after168hours@ 37°C: 31%(30%and32%intwodifferentsets)
c) after2hours@ 100°C: 36.7%
Thedatadoesreflecthatthepercentof cleavageis progressivelyincreasing.Soin the
nextapproachwithH4Pht-GLP(7-15),we maintainedthesyngeometry(thereasonthat
weuseTetrahydroPhthalicanhydrideandnotPhthalicanhydride).Additionally,thereis,
abetternucleophileinthiscase(COO-carboxylate),thoughtheleaving roupis stillthe
same.Thus,wecantesttheimportanceof theattackingnucleophileandthereformation
of afive-memberedanhydriderine.Weexpectedthepercentof cleavagetoincreaseand
thatiswhathappensasdescribedbelow.
a) At 0min @ 37°C: 0%cleavage
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b) At 4.5hours@ 37°C: 9%cleavage
c) At 13.5hours@ 37°C: 18%cleavage
d) At 17.5hours@37°C: 20%cleavage
e) After24hours@37°C: 23%cleavage
f) After72hours@37°C: 86-96%cleavage(2setsdoneonthesameday).
g) After2hours@ 100°C:
w
C')
ca
m
()
~
85-93%dissociation(2setsdoneon2different
days).
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Weobserveasteadilyprogressingcleavagewithtimeatconstanttemperature.
Additionallyobservationalpointsinthemidregionwouldbeneededtocalculatearate
constant.However,wecouldnotdothisasweranintoatechnicalproblem.The
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analyticalCI8 columnthatwewereusingwasadverselyaffectedbythereactionmixture.
Thecolumnsweresteadilyfouledwitheachrun.It probablyhassomethingtodowiththe
~Pht butwewerenotsure.Theresultsarepromisingandworthyofadditionalnd
closerinspection.
Theresultslookedapparentlyanomalousatfirstsight.Itwasremarkablethathesame
reaction(themakingoftheadduct)thathadbeenquitesuccessfulonthepreparativescale
injustovertwohourscouldrevertbacktoanextentreflectedinthefigures.
NowI wouldthinkthathemakingoftheadductwasakineticallycontrolledprocess,
whilethedisassociationreactionhasbeenthermodynamicallycontrolled.Thetimescale
ofthetworeactionswill bearfirsttestimonytothat.Iftherewasanybackwardreaction
thatwouldimmediatelybeneutralizedbytheveryhighconcentration(tentimes)ofthe
THPthatwasbeingusedinthestartingmaterial.Thecleavageis slightlymore
complicated.It isthermodynamicallycontrolled.Thatiswhytherateis limitedatthe
beginning(At4.5hours- 9%dissociation),butthepercentageimprovesdramatically
withtimetoanextentthatafter3days,thepeakoftheadductalmostvanishes.
At apHof7.4thereexistsanegativechargeonthecarboxylateion(andthisCOO-isa
strongnucleophile),sothereisanintramoleculardisplacementreactionwhichisfavored
becauseofproximitybetweenthe0- andthecarbonylcarbon.Anysuchintramolecular
reactionisentropicallyfavorableastherearetwoproductscomingfromonereactant.
Alsothebondstrengthoftheproductsshouldbegreaterthathereactants,if compared.
Henceboththereactionsoccurtoagreatextentunderdifferentconditions.
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ItmightbeusefultoponderforamomentwhythesamethingdidnothappenwithyGlu
GLP 7-15peptidelasttimeearlier.Probablythedecidingfactorwastheattackingatomin
thedissociationreaction,althoughthe5memberedringsalsodiffer.FortheTHPGLP 7-
15,it isanakedcarboxylateanion(100%).Intheformercaseitwasanamine(thatis
approximately50%protonated).I thinkthatcansumupthereasonforthereluctanceof
they GluGLP 7-15peptidetocyclize.Although,itmightbeworthnotingthatevenin
thatcasethereactionhadgonetoabout37%thermodynamically.
Future Plans: ThecleavageseeninH4Pht,HAEGTFTSDispromising.However,
weneedanalternativeanalyticalpproachtostudyofthecleavageintheC18columns
arebeingdestroyed,asnotedpreviously.Hence,wehavemadeamoreanionicGLP-l
peptidebymakingsubtlechanges(withoutdisturbingtheaminoacidsresponsibleforthe
potency)forusewithaanion-exchangeMonoQ column.ThenwecanaddtheTHPto
thispeptideandcarryoutthereaction.Inthisway,additionaltimepointscanbeobtained
usingafull lengthGLP-l peptide.Thenewpeptidesynthesizedis
HAEGTFTSDVSSYLEGQAAREFIAWLVEGEGwithchangesfromthenormalGLP 7-
37peptidenotedinred.
As ameanstoexploremethodstoincreasetherateofDKP, andpyroglu,cyclizationswe
will exploresterlinkagesasreplacementforthepreviouslystudiedamides.Weare
focusedonthisspecificGLP-l analog.
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